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[57] ABSTRACT 
A mechanism is described for deploying a shield from a 
space vehicle or the like. Such a shield may be em 
ployed for minimizing radar echo, for protecting the 
vehicle from solar radiation, or for providing a bumper 
for minimizing damage from micrometeoroids. A spring 
loaded mechanism is provided so that the shield can be 
folded into a compact package for launch of the space 
vehicle. The spring loaded mechanism further provides 
for rapid development of the shield when restraints are 
released. Arrangements are provided for deploying 
semi-cylindrical shields and quarter spherical shields. 

9 Claims, 14 Drawing Figures 
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DEPLOYABLE SHIELD 

BACKGROUND 

In many situations it is desirable to provide a protec 
tive shield at least partly surrounding a space vehicle 
such as a satellite or the like. Thus, for example, it may 
be desirable to provide a shield of radar attenuator 
material to minimize the ability of an enemy to detect 
and track the vehicle by ground based radar. Such a 
shield also camou?ages the characteristic radar and 
optical signatures of the vehicle. A shield may also be 
desirable for minimizing the ?ux of solar radiation on 
the surface of the vehicle in order to minimize loss of 
cryogenic propellents or otherwise maintain thermal 
control of the space vehicle. In other circumstances it 
may be desirable to deploy a shield around a space 
vehicle to provide a mechanical bumper to attenuate the 
energy of micrometeoroids and prevent or reduce me 
chanical damage to the vehicle surface; 

In any of these situations it is desirable to have a small 
volume and weight package for the shield during 
launch of the space vehicle‘ for minimizing aerodynamic 
drag and the consequence heat and aerodynamic load 
ing on the structure. Thus, it is desirable to provide a 
shield that is stowable in a small volume and readily 
deployed after the vehicle reaches space. 

SUMMARY OF THE INVENTION 

Thus in the practice of this invention, according to a 
preferred embodiment, there is provided a space vehicle 
with a deployable shield at least partly surrounding the 
space vehicle. The means for deploying the shield in 
cludes a plurality of elongated members extending out 
wardly from the body of the space vehicle and a plural 
ity of curved ribs having their ends connected to ends of 
the extending elongated members to de?ne an outside 
periphery of the shield. A spherical portion of the shield 
is readily provided by pivoting a plurality of ribs around 
a common point to form a quarter sphere, for example. 

DRAWINGS 
Objects and many of the attendant advantages of this 

invention will be readily appreciated as ‘the same be 
comes better understood by reference to the following 
detailed description when considered in ' connection 
with the accompanying drawings wherein: 
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FIG. 1 illustrates in perspective a space vehicle incor- , 
porating the principles of this invention; 
FIG. 2 illustrates a cross-sectional detailof a shield 

containing pod on the space vehicle of FIG. 1; 
FIG. -3 illustrates a deployed shield about the space 

vehicle; .\ . - ' . - 

'FIGL'4 shows the deployed shield in transverse cross 
section; , . I ' ' f , 

FIGS. 5a to>5c illustrate a portion of the shield in 
various stages of deployment; ' v > 

_ FIG. 6a through 60 illustrates various stages of de 
ployment of an end of the shield; ' ’ . 

FIGS. 7a and 7billustrate an alternative arrangement 
' for deployment of anend of the’ shield; - ' 

FIG. 8 is 
and ‘ ' 

FIG. 9 illustrates a typical 
sheets of the shield. _ ' I 

Throughout the drawings like reference numerals 
refer to like parts. - ' I 

a detail 'view of a tab on a sheet of the shield; 

tension member between 

50 
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DESCRIPTION 

Although, as pointed out hereinabove, the shield 
about a space vehicle may serve as a meteoroid bumper 
or as thermal protection, it will be described hereinafter 
in relation to a radar attenuating shield. It should be 
recognized, of course, that a shield having a principal 
function of radar attenuation also provides a measure of 
thermal protection and micrometeoroid protection as 
well. 

Electromagnetic waves such as radar may be ab 
sorbed by a so-called quarter wave or Salisbury screen 
which comprises a thin layer of material having an 
impedance of about 377 ohms per square which is the 
characteristic impedance of free space spaced exactly 
one-quarter wavelength from a re?ective surface. Such 
an absorber is described in US. Pat. No. 2,599,944. 
Since an absorber of this type prevents radar reflection 
by a mechanism of destructive interference at one-quar 
ter wavelength from a re?ective surface, it is found to 
be highly sensitive to frequency and will attenuate radar 
only within a narrow frequency band. It is found, how 
ever, that such an interference absorber also attenuates 
radiation at odd multiples of one-quarter wavelength. 

Further, it is found that a plurality of resistive layers 
individually spaced from a re?ective surface at different 
distances each attenuate radiation at different wave 
lengths and a broad band radar attenuator can be 
achieved. The impedance of these successive layers 
spaced apart from the re?ective surface and the spacing 
therebetween is governed by interactions between the 
successive sheets and these sheets may not each be pro 
vided with an impedance of 377 ohms per square. In 
general it is found that the ?rst sheet upon which radar 
is expected to impinge should have an effective impe 
dance as seen by an incoming radar wave of about 377 
ohms per square in order to have minimal re?ection 
therefrom. Successive sheets between the outermost 
layer and the reflective layer have successively lower 
effective impedance down to the substantially zero 
impedance of the re?ective layer. The effective impe 
dance of each layer is determined not only by the impe 
dance of that layer but also the impedances of the vari~ 
ous underlying layers. The selection of impedances for 
the various sheets and the spacing therebetween are 
readily determined for particular frequency ranges of 
attenuation by one skilled in the art. 

It is preferred that the sheets have do. resistivities in 
the range of from about 40 to 2,000 ohms per square to 
provide effective attenuation in a multilayer broad band 
radar attenuator. If desired, the layers may have capaci 
tance and inductance at radar frequencies as well as do. 
resistivity for providing greater design ?exibility in the 
radar attenuator. In general, the total thickness of atten 
uator spaced from the re?ective layer is determined by 
the longest wavelength of radar to be attenuated; this 
distance approximating one-quarter of the longest 
wavelength of the radiation. The distance between suc 
cessive sheets is likewise determined by reference to the 
shortest wavelength it is desired to attenuate; this dis 
tance being approximated by one-quarter of the shortest 
wavelength. 

Previously, interference type attenuators have been 
formed of carbon loaded fabric sheets spaced apart by 
non-metallic honeycomb materials or have comprised 
similar relatively heavy and rigid structures. These 
absorbers are unduly heavy and bulky for application in 
most space situations. 
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A signi?cant problem associated with interference 
type absorbers is the substantial thickness and concomi 
tant weight that must be employed in a design for atten 
uation of lower frequency radar. This difficulty is cir 
cumvented herein by making the radar attenuator mate 
rial erectable in space and thereby providing the neces 
sary dimensions without violating limitations on storage 
space and weight aboard the space vehicle. Also, be 
cause the radar attenuator material may be damaged by 
aerodynamic heating, thermal protection during launch 
boost is necessary. To keep the weight and launch vol 
ume to a minimum it is mandatory that the radar attenu 
ator material be deployed from a compact volume that 
can be shielded with a relatively small amount of ther 
mal protection material. In some situations it may be 
desirable to provide a radar attenuator material readily 
attached to and deployable from an existing design of 
space vehicle without changing the basic structure 
thereof. 
With these considerations in mind, there is provided a 

high performance, light weight attenuator that is self 
erecting from a compacted con?guration and which 
can meet the variety of constraints imposed by space 
environments and spacecraft systems. It will again be 
recognized that a multiple sheet meteoroid‘burnper or 
thermal shield is also advantageous. 
FIG. 1 illustrates, in perspective, a spacecraft or satel 

lite 10 as provided in the practice of this invention ac 
cording to a preferred embodiment. As illustrated in 
FIG. 1 the spacecraft has a cylindrical body portion 11 
having a conical nose 12. A rocket engine 13 on the aft 
end of the vehicle may be employed in launching the 
vehicle into orbit or be employed for orbital changes as 
is well known in the art. 
Along one side of the space vehicle 10, normally the 

side that would be downward in earth orbit, there is 
provided a jettisonable pod 14 for containing a cylindri 
cal portion of radar attenuating material for later de 
ployment in space. At the forward and aft ends of the 
cylindrical portion 11 of the vehicle there is also pro 
vided a cylindrical shroud 16 for containing additional 
radar attenuating material for shielding the ends of the 
space vehicle as hereinafter described. 
FIG. 2 illustrates in greater detail a transverse section 

of the edge of a typical pod 14. As illustrated therein the 
edge of the pod 14 is secured to the cylindrical wall 11 
of the space vehicle by a locking clip 17. engaging an 
intermittent lip 18 on the shroud. Retraction of the clip 
17 releases the lip and hence the pod 14 which is jetti 
soned from the space vehicle as urged by flat, cantilever 
spring members 19 temporarily coiled around the vehi 
cle. Within the pod 14 there is provided a packed radar 
attenuating shield 21 folded and compressed to occupy 
a minimized volume. It will be apparent to one skilled in 
the art that other types of releasing clips, quick discon 
nects, pyrotechnic devices, or similar separating means 
can be employed to temporarily hold a pod or shroud 
on the space vehicle and effect a rapid jettisoning of the 
pod. 
FIG. 3 illustrates the cylindrical portion of the space 

vehicle 10 ensconsed within the radar attenuator shield. 
21 after the shield is deployed into its operational shape 
after the pod 14 is jettisoned. As illustrated in this em 
bodiment, the radar attenuator shield is in the general 
form of an open shell or bathtub-like structure having a 
central semi-cylindrical portion 22 having an end cap 23 
at each end thereof in the form of one-quarter of a 
sphere or other surface having compound curvature. 
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4 
The internal radius of the semi-cylindrical section 22 
and end caps 23 is‘substantially the same as the diameter 
of the space vehicle 10 so that the space vehicle can be 
below the edge of the radar attenuating shield 21 and 
hence shielded from view by the shield over 180° of 
viewing angle. The position of the space vehicle 10 
within the deployed shield 21 is also illustrated in the 
transverse cross-section of FIG. 4. The relation of 
shield and vehicle is described in detail and claimed in 
copending U.S. patent application Ser. No. 802,310 
entitled, “Vehicle Shield" by T. H. Lehman and W. P. 
Manning, ?led on the same day as this application and 
assigned to North American Rockwell Corporation, 
Assignee of this application. This copending application 
is hereby incorporated herein by reference to have the 
full force and effect as if set forth in full herein. 

Referring again to FIG. 3 the cylindrical portion 22 
of the radar attenuating shield is connected to the space 
vehicle 10 by the aforementioned flat spring members 
19 which have their midpoints secured to the side of the 
space vehicle. The radar attenuating shield is connected 
to the ends of the spring members 19. The spherical end 
caps 23 are secured to the space vehicle in part by loops 
24 which are also employed in deploying the end caps 
as hereinafter described in greater detail. 
FIG. 4 illustrates a transverse cross-section of the 

space vehicle 10 and radar attenuating shield 21 with 
the vehicle merely shown schematically since its inter 
nal structure is not relevant to practice of this invention. 
As mentioned hereinabove, the transverse spring mem 
bers 19 are connected at their midpoints to the side of 
the space vehicle and support the radar attenuator 
shield at their outer ends. As illustrated in FIG. 4 the 
spring members are bowed due to pre-bending and to 
forces applied thereon by the shield, however, the bow 
ing illustrated in FIG. 4 is exaggerated as compared 
with an actual structure to illustrate the principles of 
this invention without unduly enlarging the drawings. 
The bowing in the spring members 19 assures proper 
location of the radar attenuating shield relative to the 
space vehicle and also permits the spring members to be 
wrapped downwardly about the surface of the space 
vehicle and ?t snugly thereagainst at all points without 
application of undue tension loads on the spring mem 
bers. When the springs are deployed as illustrated in 
FIG. 4, they have a minimum stress since this ap 
proaches their equilibrium shape. As pointed out herein 
after the springs are under greater stress when stowed 
for launch. 1 

As described hereinabove the radar attenuating shield 
comprises an inner re?ective layer 26 which may, for 
example, be a sheet of polyethyleneterephthalate avail 
able under the trademark Mylar from E. I.‘ duPont de 
Nemours and Company, Wilmington, Delaware, or a 
sheet of cured polyimide resin, either of which is coated 
with an electrically conductive ?lm of metal such as 
aluminum. Other. reflective ?lms suitable for use in a 
space environment and having suf?cient shape memory 
not to deform during storage in the stowed arrangement 
may be employed. Spaced outwardly from the inner 
conductive sheet 26 are a plurality of attenuating layers 
27 which may also comprise sheets of Mylar or the like 
coated with very thin layers of metal or layers of resis 
tive materials to provide a suitable resistance for form 
ing an effective interference type radar attenuator as 
pointed out hereinabove. A typical design of radar at 
tenuator of this type and suitable for use in practice of 
this invention is described in copending U.S. application 
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Ser. No. 670,828, now U.S. Pat. No. 4,044,358 entitled, 
“Self-Erectable Structure” by William P. Manning and 
Louis Maus, and assigned to North American Rockwell 
Corporation, Assignee of this application. This copend 
ing application is hereby incorporated herein by refer 
ence to have the full force and effect as if set forth in full 
herein. 
At the outer ends of the spring members 19 a rib or 

stiffener 28 is connected so as to extend in a semi-circu 
lar arc around the semi-cylindrical portion of the radar 
attenuating shield. The rib 28 is made of a plastic mate 
rial similar to the sheets so that it can be elastically 
coiled or folded during storage without creeping or 
otherwise permanently deforming. Thus, upon release 
of the radar shield from the enclosing structure, the rib 
28 elastically springs back to its original semi-circular 
shape to provide stiffening and shaping for the outer 
periphery of the radar attenuating shield. If desired, an 
in?atable rib or the like may be employed for stiffening. 
A plurality of such ribs (FIG. 3) are spaced along the 
length of the cylindrical section at each of the spring 
members 19 for de?ning the external semi-cylindrical 
surface of the radar attenuating shield. Thus the exter 
nal cross-sectional shape of the shield is determined by 
the ribs 28 and the location of the shield is determined 
by the spring members 19. The internal shape of the 
radar attenuating shield, that is, the shape of the inner 
most sheet 26, is ?xed by placing the entire sheet in 
tension. Tension is applied to the edge of the sheet 26 by 
a light cable 29 connected at one end to the edge of the 
sheet and at the other end to the body of the spacecraft 
10. The cable 29 passes through an eyelet 31 on the 
spring member so that tension is applied in the proper 
direction. Tension is also applied to the sheet by tension 
members 32 between the rib 28 and the inner sheet 26. 
These tension members 32 assure that the inner sheet is 
substantially constantdistance from the rib 28 through 
out the extent of the radar attenuator. The individual 
attenuator sheets 27 are also connected to the tension 
members 32 for maintaining proper spacing therebe 
tween. A tension member 35 at the midpoint of the ribs 
is also connected to the space vehicle to stabilize the 
position of the-curved rib. It will be apparent that, if 
desired, additional diagonal tension members may be 
employed to ?x the location of the ribs. 
Although the tension members 32 may be light 

threads or even ?ne wires, a preferred tension member 
is formed by a series of tabs from each ‘sheet to the next 
as illustrated in FIGS. 8 and 9. Thus, as illustrated in 
FIG. 8, a plurality of elongated U-shaped slits 33 are 
made in the various attenuator sheets to provide a tab 36 
for interconnection with the other attenuator sheets. 
Holes 34 are provided at the ends of the U-shaped slit to 
prevent tearing of the plastic of the attenuator sheets. In 
fabricating a tension member from such tabs 36 a struc 
ture as illustrated in FIG. 9 is formed. It should be 
recognized that the sheets 27 illustrated in FIG. 9 have 
a greatly exaggerated thickness for purposes of illustra 
tion, since the Mylar employed may have a thickness of 
from one-half to one mil and the spacing between the 
sheets may be one or two inches. . > 

As illustrated in FIG. 9 a tab 36a is bent up from a 
typical attenuator sheet 27a and similar tabs 36b 
through 36d are bent up from typical attenuator sheets 
27b through 27d. The end of the tab 360 is cemented to 
the‘base of the tab 36b so that the two are substantially 
parallel in the deployed position and tension loads are 
readily transferred therebetween. It will also be appar 

15 

20 

25 

30 

35 

45 

50 

55 

65 

6 
ent that the attenuator sheet 27a is thus spaced a ?xed 
distance from the attenuator sheet 2717 since the tab 36a 
limits the extent of separation. It will also be apparent 
that since the tab 36a is flexible and has virtually no 
resistance to buckling the two attenuator sheets can be 
compressed together for storage with no harmful ef 
fects. Similarly, the bent up tab 361) is secured to a bent 
up tab 360 on typical attenuator sheet 270. This same 
assembly technique continues to the outermost sheet 
27e in the assemblage. A tab 36a on the outermost atten 
uator sheet is bent over and cemented to the face of the 
attenuator sheet 27e and the tab 36d on attenuator sheet 
27a’ is cemented to the bent over tab 369. It will be seen 
that each of the several attenuator sheets are thus 
spaced apart when the tabs 36 are in tension and the 
entire assemblage may be readily collapsed for storage. 
When the tabs 36 are bent up from the attenuator 

sheets 27, narrow slots 37 are left in the attenuator 
sheets and these slots are preferably staggered in succes 
sive sheets so that there is no direct through aperture in 
the radar attenuator. Measurement shows that such 
staggered slots in an attenuator sheet assemblage do not 
have a serious effect on the radar cross-section reduc 
tion. 
Deployment of the radar attenuating shield about the 

cylindrical portion of the space vehicle is illustrated in 
FIGS. 50 through 50 showing successive steps in the 
deployment sequence. As illustrated in FIG. 5a the 
attenuator shield 21 is folded within the stowage pod 
which is not illustrated in FIG. 5a for greater clarity. 
The spring members 19 are wrapped downwardly 
around the circumference of the space vehicle so that 
the ends are held in place by the pod as hereinabove 
described in relation to FIG. 2. After the pod is re 
moved the spring members 19 rapidly straighten out as 
illustrated in FIG. 5b which shows an intermediate 
stage of deployment before the springs are completely 
straightened and the radar attenuating shield fully de 
ployed. As the springs 19 straighten, the cable 29, which 
is substantially taut throughout deployment, slides 
through the eyelet 31 and assists in drawing the shield 
upwardly and outwardly towards its ?nal con?gura 
tion. In the view of FIG. 5c the spring member 19 is 
extended to its ?nal position supporting the ends of the 
rib 28 which determines the external shape of the radar 
attenuating shield. As mentioned hereinabove the cable 
29 supports the innermost sheet of the shield and the 
entire assemblage is held in its ?nal deployed shape as 
hereinabove described. Because of the light weight of 
the sheets forming the attenuator and the absence of air 
resistance in space, the entire deployment may occur in 
a matter of seconds, even on fairly large structures. 
FIGS. 6a through 6c illustrate deployment of an end 

cap of the shield at the end of the vehicle 10 where the 
rocket engine 13 extends. These ?gures also illustrate a 
second embodiment of deployment for a shield sur~ 
rounding the cylindrical portion of a vehicle. As illus 
trated in this embodiment a plurality of semi-circular 
ribs 38 are pivotably interconnected at their ends so as 
to be pivotable between a ?rst position with the ribs in 
a tight closed bundle (FIG. 6b) and a second position 
with the center points of the ribs mutually spaced apart 
(FIG. 60). This type of motion is similar to that em 
ployed on the sunshade of some models of baby buggy. 
When the shield is compacted for storage or launch 

the ribs 38 and a similar rib 39 on the cylindrical portion 
'of the spacecraft are wrapped upwardly around the 
spacecraft as illustrated in FIG. 6a. Since the extent of 
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the ribs is somewhat greater than the circumference of 
the vehicle, one end 41 ofthe ribs is overlapped over the 
opposite end 42 of the ribs. The edges of the shield 
supported by the ribs 38 are also overlapped in the same 
manner. During storage the loop 24 is pivoted down 
wardly about its support 43 so as to lie parallel to the 
end of the space vehicle 10, The loop 24 is provided as 
an interconnection between the vehicle and the upper 
most rib of the end cap so as to clear the rocket engine 
13 during deployment. 
The ?rst step in deployment of a shield as illustrated 

in this embodiment, is to jettison a shroud (not shown) 
whereupon the ribs 38 and 39, which are elastically bent 
around the vehicle, spring outwardly as illustrated in 
FIG. 6b. Cables 44 are provided between the upper side 
portion of the spacecraft and the ends 41 and 42 of the 
ribs to limit the extent of unfolding and to hold the 
shield in its proper shape and position after deployment. 
The cylindrical portion of the shield is further held in 
position and in a proper shape by a rib 46 running along 
the length of the vehicle at the edge of the shield and 
interconnecting the ends of the ribs 39 with the ends of 
the ribs 38. It will also be apparent that additional diago 
nal tension members may be provided between the 
vehicle and selected points on-the shield for holding 
these two elements in ?xed spatial relation. 
The quarter spherical shape of the end cap 23 is pro 

vided by pivoting the loop 24 about its support 43 either 
in response to a conventional torsion spring or by other 
means such as small motor (not shown) within the sup-_ 
port 43, As the loop pivots outwardly and upwardly it 
draws the ?rst rib 38 to which it is connected, away 
from the bundle of ribs as seen in FIG. 6b, and when the 
sheet 27 between the ?rst rib and the second rib on the 
end cap is substantially taut, the next rib is moved out 
from the bundle. This proceeds, mutually spreading the 
ribs 38 apart, until a substantially spherical or other 
compound curved surface is obtained as illustrated in 
FIG. 6c. 

It should be recognized that when the loop 24 is 
pivoted to its deployed position as seen in FIG. 60 by a 
torsion spring, the action may commence at substan 
tially the same time as the release of the ribs and the 
loop may have pivoted out of the position parallel to the 
end of the vehicle as seen in FIG. 6b before the ends of 
the ribs are fully extended. This effect is not illustrated 
in FIG. 6 in order to avoid any possible confusion there 
from. It will also be recognized, of course, that a de 
layed release of a spring loaded loop may be provided 
or in those circumstances where the loop is motorized 
for deployment, the loop may well pivot sequentially 
after the ends of the ribs are stabilized. Although a 
spring loaded loop deployment is preferred for lightness 
of weight, a motorized deployment loop may be desir 
able in some circumstances since the motor may be 
operated in either direction so that the loop is again 
swung into a position substantially as shown in FIG. 6b 
collapsing the end cap. This is advantageous in those 
situations where the rocket motor 13 is to be employed 
for space maneuvering since the end cap is thus cleared 
of any possible interference with the rocket motor ex 
haust. 
The shield arrangement hereinabove described can 

also be considered as a skeletal frame about the space 
vehicle with the ?exible sheets forming the shield se 
cured thereto. Thus the ribs 28 and 38, the springs 19, 
and loops 24 form a springy or elastically deformable 
skeletal frame. This frame is stable in a deployed con?g 
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8 
uration as illustrated in FIG. 3 with the ribs spaced from 
the space vehicle and only the mid portions of the 
springs and a side of the loop ?xedly attached to the 
vehicle. This frame is deformable under stress to the 
stowed position for launch and spontaneously deploys 
when the containing pod is jettisoned. The ?exible 
sheets of the radar attenuator are attached to the frame 
and fold or deploy therewith to partly surround the 
space vehicle. 
FIGS. 70 and 7]) illustrate an alternative deployment 

technique for the end caps on a shield for a space vehi 
cle. In this embodiment the shield is folded downwardly 
beneath the vehicle and is contained in a pod (not 
shown) in substantially the same manner as the cylindri 
cal shield hereinabove described and illustrated in FIG. 
5. As is apparent, the ?rst stage of deployment of such 
a shield is substantially the same as hereinabove de 
scribed and is not again illustrated. 

In this embodiment the quarter spherical end cap is 
made of two segments each deployed from one side of 
the vehicle. A spring member 51 transverse to the vehi 
cle axis is at the end of the cylindrical section of the 
shield for providing support in substantially the same 
manner as the spring member 19 illustrated in the ?rst 
embodiment. The spring member 51 has a semi-circular 
rib 52 connected at the ends thereof and the rib 52 ex 
tends around the shield to de?ne its circular cross-sec 
tion. In addition, a rigid post 53 is connected to the 
space vehicle 10 on the side opposite from the point 
where the spring 51 is connected. The center portion of 
the rib 52 is connected to the post 53 for stabilization. It 
will be apparent that the post 53 can be an elastic mem 
ber collapsed for stowage or a small rigid member de 
ployed by a spring or motor when released. Each of 
additional quarter circular ribs 54 have an end pivoted 
at the post 53 and have the opposite end connected to 
flat spring members 56. The springs 56, in turn, have 
their opposite ends connected to the space vehicle 10 at 
pivot points 57 so that they can be moved in a manner 
similar to a common folding fan. 

In the intermediate stage of deployment, which is not 
separately illustrated herein, the ribs and spring mem 
bers are in a close bundle somewhat resembling the 
con?guration illustrated hereinabove in FIG. 50. After 
the springs and ribs are in their final shape they are 
pivoted to form the ?nal shape of the shield. Thus, as 
illustrated in FIG. 7a the ribs 56 are pivoted about the 
pivot points 57 and the ribs 54 are pivoted about the 
post 53 so that the shield is unfolded from a compact 
bundle as driven by a small motor (not shown) with the 
outer ends of the springs progressively diverging during 
deployment. Deployment continues in this manner until 
the outermost pair of springs 56’ and 54’ meet in a plane 
along the axis of the vehicle as illustrated in FIG. 7b. In 
this position the springs support the upper edge of the 
shield and the ribs define its external geometry in the 
form of a quarter of a sphere or other desired surface 
having compound curvature. It will be apparent that in 
the embodiment illustrated in FIGS. 7a and 717, only a 
pair of springs 56 and ribs 54 are shown in each half of 
the quarter sphere. However, in order to obtain a closer 
approximation of a spherical surface a larger number of 
ribs and springs may be employed if desired. 

It will be apparent also that many other modi?cations 
and variations can be made in the practice of this inven 
tion. Thus, for example, instead of a spherical end cap as 
has been described and illustrated, the shape of the ribs 
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can be varied so that an ellipsoid or other compound 
curved ?gure can be provided. 
We claim: 
1. A combination comprising: 
a space vehicle, and ~ 

a deployable shield at least partly surrounding said 
space vehicle, said shield comprising: 

a plurality of curved ribs collectively de?ning an 
outside periphery of said shield, said ribs being 
temporarily deformable from a ?rst deployed posi 
tion spaced apart from said space vehicle to a sec 
ond stowed position adjacent said space vehicle; 

a plurality of ?exible sheets connected to said ribs and 
spaced between said ribs and said space vehicle; 

a plurality of springs tangentially mounted on said 
space vehicle and having an end of a rib connected 
to an end of each spring, said springs being tempo 
rarily'elastically deformable‘from a ?rst deployed 

' position extending outwardly from said space vehi 
cle to a second‘ stowed position lying along a cylin 
drical surface of said space vehicle, said springs 
being pivotally connected to said space vehicle at a 
common pivot for deploying in the manner of a 
folding fan; I ‘ I _ i 

the ribs connected tosaid portion of'springs having 
ends opposite to the ends connected to said springs 
pivotally mounted at a common pivot for deploy 
ing with said springs to form a surface having com 
pound curvature; 

a plurality of arcuate ribs interconnected at each end 
at a pair of common pivots, said arcuate ribs being 
elastically deformable from a stowed position adja 
cent the space vehicle to an intermediate position 
spaced apart from the space vehicle in a compact 
bundle, and pivotable from the intermediate posi 
tion to a deployed position with the ends of the ribs 
contiguous at the pivots and the midpoints of the 
ribs mutually spaced apart for de?ning an outside 
periphery having compound curvature; and ' 

a loop connected to said space vehicle and to an 
intermediate portion of one-of said ribs, said loop 
being movable‘ for pivoting said one 'rib from the 
intermediate position to the deployed position. 

21A combination comprising: 
‘ .- a space‘ vehicle: and 

a vdeployable shield partly. surrounding said space 
vehicle, _' > - 

said shield comprising: 
a plurality of curved ribs collectively‘ de?ning an 

‘ outside-periphery of said shield, said ribs being‘ 
temporarily deformable from a ?rst deployed posi 
tion spaced apart from said space vehicle to a sec 

‘ spaced between saidribs and said space vehicle,_ 
a tension member between each end of each of said 

ribs and the space vehicle, ' ~ ‘ 

i » a substantially rigid interconnection between the ends 
of adjacent ribs, . 

a substantially rigid ‘interconnection between the 
_ space vehicle and an intermediate portion vof at 

least one of said ribs, I ,. 
at least a portionjof said ribs are interconnected at 

v‘ _' their ends'at a pair of common pivots for motion 
between ‘an intermediate position in a compact. 

‘ _ bundle and-a deployed position with the ends of the 
ribs contiguous and intermediate parts of the ribs 
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wond‘ stowed position adjacent said space vehicle, - ' 
l a plurality of flexible sheets connected to said ribs and 

65 

10 
mutually spaced apart for de?ning an outside pe 
riphery having compound curvature, 

the common pivots for the portion of ribs being in 
substantially the same plane as the ends of other 
‘ribs not connected to the pivots, 

one of the ribs connected to the common pivots being 
in the same plane as the ends of other ribs in the 
deployed position with rib midpoints spaced apart, 
and wherein, 

said rigid interconnection between the space vehicle 
and the intermediate portion of a rib comprising a 
loop connected to the motion thereof between a 
stowed ‘position adjacent the space vehicle and a 
deployed position extending from the space vehi 
cle. 

3. A combination comprising: 
a space vehicle, and 
a deployable shield at least partly surrounding said 

space vehicle, said shield comprising: 
a plurality of elongated members extending out 
wardly from the body of the space vehicle, 

a plurality of curved ribs having ends connected to 
‘ends of said extending members, said ribs de?ning 
an outside periphery of the shield, and 

a plurality of ?exible sheets in spaced apart relation 
between said ribs and said space vehicle, 

said elongated members being elastically deformable 
between a'stowed position along the surface of the 
space vehicle and a deployed position extending 
outwardly therefrom, and 

said ribs being elastically deformable between a 
stowed position adjacent the body of the vehicle 
and a deployed position extending at least partly 
around the vehicle, 

means for restraining said elongated members in the 
stowed position, 

a second plurality of curved ribs each having one end 
connected at the ?rst common pivot and a second 
end connected at a second common pivot, said 
second plurality of ribs being elastically deform 
able between a stowed position adjacent the body 
of the vehicle and an intermediate position wherein 
the ribs are in close bundle; and are pivotably mov 
able about said common pivots between the inter 
mediate position and a deployed position wherein 
the ribs de?ne sectors of a surface having com 
pound curvature, and 

means for pivoting said ribs between the intermediate 
position and the deployed position. 

4. The combination as de?ned in claim 3 wherein said 
ribs collectively de?ne a semi-cylindrical outside pe 
riphery of said shield. 

5. A combination as defined in claim 3 wherein said 
, ribs collectively de?ne an outside periphery of said 
shield in the form of a sector of a sphere. 

6. A combination comprising: 
a space vehicle having a generally cylindrical body 

portion; a 

a plurality of spring members connected along the 
cylindrical body portion and substantially tangent 
thereto, said spring members in a deployed position 
extending outwardly from the vehicle and being 
elastically deformable to a stowed position lying 
around the cylindrical surface; 

a pluralityof arcuate ribs having ends connected to 
said spring members, said ribs collectively de?ning 
a semi-cylindrical surface outwardly of the cylin 
drical body portion said ribs being elastically de 



1 4,314,682 
11 12 

formable to a collapsed position adjacent the space therefrom, and connected to a similar tab on an adjacent 
vehicle; sheet. 

a ?exible sheet between the surface de?ned by said 9. In combination with a space vehicle, a deployable 
ribs and said cylindrical body portion; shield comprising: 1 

a ?rst plurality of tension interconnections between 5 an elastic skeletal frame comprised of: 
edges of said sheet and said spring members; and (a) a plurality of spring members attached to a side 

a second plurality of tension interconnections be- of the vehicle and movable between; 
tween said ribs and said sheet, said ?rst and second (1) a deployed position lying substantially tan 
tension interconnections cooperating to hold said I gent to the side of the vehicle, and 
sheet in an approximately semi-cylindrical shape. 10 (2) a stowed position wrapped around a periph 

7. A combination as de?ned in claim 6 further com- cry of the vehicle; - , 
prising: >_(b) a ?rst and second plurality of rib members, said 

a plurality of ?exible sheets spaced apart between the ‘ ?rst plurality comprised of arcuate rib members, 
aforementioned ?exible sheet and the surface de- each of said arcuate members attached toan end 
?ned by said ribs; and wherein said ?rst tension 15 ._ of a spring member, said second plurality com 
interconnections each comprise: . I prised of ‘a number of second rib members, each 

a light cable having a ?rst end connected to said of said second rib members having its respective 
space vehicle, a second end connected to an edge ends connected to each of a pair of common 
of said sheet, and an intermediate portion slidably pivot points for movement between a ?rst posi 
connected to one of said spring members at a point 20 . tion wherein the second rib members are in a 
between the ends thereof; and said- second tension closed bundle and a'second position wherein the 
interconnections each comprise: ‘ ' secondrib members have ends connected and 

a plurality of ?exible segments, each segment inter- ' ' ' their respective midpoints spaced apart; and 
connecting a pair of said ?exible sheets for main- a ?exible shield member secured to the frame and 
taining said vsheets in predetermined spaced apart 25 I‘ movable therewith between stowed and deployed 
relation in the deployed position. ' positions, said shield member, in'deployed position, 

8. A combination as de?ned in claim 7 wherein each extending substantially about at least one side of 
of the ?exible segments comprises a narrow tab cut on the vehicle. 
three sides from one of said sheets and bent outwardly * * * * * 
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